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(54) Exhaust gas diagnosis system and vehicle control system

(57)  Theinvention relates to an exhaust gas diagno-
sis system and a vehicle control system for automotive
vehicles to reduce the communication lines and the pow-
er lines connected to the antiweatherability-required ex-
haust gas sensor arranged on the exterior of the vehicle
are disclosed. The exhaust gas diagnosis system is con-
figured of an engine control unit (electronic control unit)
(4010), radio terminal units (2000, 2001) having the sen-

sor function to detect the exhaust gas, and a radio com-
munication repeater (3000) to conduct communication
and share a part of the process executed by the conven-
tional engine control unit. The communication lines be-
tween the sensor and the electronic control unit (4010)
and the power lines to the sensor required in the conven-
tional systems are eliminated while at the same time re-
ducing the load on the electronic control unit (4010).
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a system (ob-
servation system, control system, etc.) constructed using
a plurality of sensing data, or in particular to an exhaust
gas diagnosis system and a vehicle control system for
automotive vehicles.

[0002] The recent progress of the computerized vehi-
cle control operation has increased the number of micro-
computers mounted on a vehicle to more than several
tens and also the number of sensors connected thereto.
The microcomputers are mounted for the body system,
the information system, the drive control system, the
steering control system and the power train system of
the vehicle to realize a finely detailed control operation
and an improved operability. The communication be-
tween these microcomputers and between the micro-
computers and the sensors is carried out by cables, and
the weight of the wire harnesses (wires and connectors)
used for this configuration exceeds several tens of kg.
Also, the space for wiring in the vehicle is so limited that
the wiring space to add new functions has become more
and more difficult to secure.

[0003] In addition, what is called the X-by-wire tech-
nique for reducing the mechanical components of the
vehicle has made a progress and come to replace the
conventional mechanical and hydraulic control systems
to such an extent that the vehicle is now controlled sub-
stantially by a combination of a motor and an electronic
control unit. Torealize the X-by-wire system, animproved
reliability is indispensable, and with regard to the elec-
tronic control system, the current trend is toward securing
the reliability by double or triple system configuration.
This trend of the X-by-wire technique also increases the
wire harnesses of the automotive vehicle, leading to an
even more increased wire harness mass.

[0004] To reduce the weight and the fuel consumption
of the vehicle by weight reduction, therefore, the wire
harness is required to be reduced or the quantity of the
wire harness is required to be prevented from increasing.
The wire harness may be reduced by radio data commu-
nication, and an example thereof is disclosed in JP-A-
2003-002019 (Patent Document 1) involving a tire air
pressure monitor. Since each tire is rotating, a tire air
pressure sensor mounted on the tire valve, etc. and a
tire air pressure monitor control unit to monitor the state
of the air pressure sensor mounted on the vehicle cannot
be directly connected by cable to each other. In the sys-
tem disclosed in Patent Document 1, a radio communi-
cation repeater is arranged on the tire wheel to realize
the radio communication, and data are transmitted by
radio communication between the tire air pressure sen-
sor and the radio communication repeaters. This radio
communication realizes the communication with the ro-
tary component parts.
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SUMMARY OF THE INVENTION

[0005] The object of this invention is to reduce or sup-
press the number of wire harnesses and thus to reduce
the vehicle weight and power consumption by realizing
the radio communication for each control system.
[0006] One application of radio communication is an
engine control system. The exhaust gas emission control
of automotive vehicles is restricted more strictly than ever
before and an exhaust gas control system to remove the
obnoxious components of the exhaust gas is required.
The exhaust gas control system includes a catalytic con-
verter and an exhaust gas sensor, in which the exhaust
gas components such as CO, NOx and HC are removed
by the catalytic converter and the exhaust gas compo-
nents are monitored by the exhaust gas sensor. This ex-
haust gas control system is normally installed on the out-
side part of the vehicle (under the vehicle body). There-
fore, the communication signal lines and the power lines
for the exhaust gas sensor are exposed to atomospheric
environments and require a high antiweatherability (ro-
bust againstambient temperature, vibration, shock, etc.),
thereby posing the problem of a heavy and expensive
wire material and connectors.

[0007] Toreducethe exhaustgascomponentsandim-
prove the fuel consumption, on the other hand, the engine
control unit is required to perform a more finely detailed
control operation. The problem is, however, is that the
operating frequency of the engine control unit and the
program size of the engine control unit increase. This
adds to the problem of an increased power consumption
and cost of the engine control unit.

[0008] The basic configuration of the conventional ex-
haust gas diagnosis system is explained with reference
to Fig. 5. The exhaust gas diagnosis system comprises
an engine control unit 4011, exhaust gas sensors 411,
412 and a catalytic converter 6010. The engine control
unit4011 is arranged inside the vehicle, while the exhaust
gas sensors 411, 412 and the exhaust pipe 6000 outside
the vehicle. In the conventional exhaust gas diagnosis
system, therefore, the communication signal lines 7011,
7012 connecting the exhaust gas sensors 411, 412 and
the engine control unit 4011 and the power lines 7021,
7022 to supply power to the exhaust gas sensors are
wired outside the vehicle, and therefore are required to
use a wire material and connectors high in antiweather-
ability. As a result, these wire material and connectors
are both heavy and expensive.

[0009] Fig. 6 shows the exhaust gas diagnosis se-
quence according to an exhaust gas diagnosis program
of the exhaust gas diagnosis system shown in Fig. 5. The
exhaust gas diagnosis programis incorporated ina mem-
ory (mainly, a nonvolatile memory) in the engine control
unit 4011 and executed by the microcomputer in the en-
gine control unit 4011. This program constitutes one of
the subroutines of the engine control program, and is
executed at regular time intervals. The exhaust gas di-
agnosis sequence is described below.
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[0010] Specifically, the injection fuel amount and the
intake air mount are controlled at step S110. The waiting
time before detection of the exhaust gas is set in the
internal timer of the microcomputer at step S111. At step
S112, an interrupt from a timer indicating the lapse of a
predetermined time is waited for at step S112, and upon
receipt of the interrupt, step S113 is executed. At step
S113, the sensing information on the exhaust gas is read
from the exhaust gas sensors 411, 412. At step S114,
the signal data on the exhaust gas sensor that has been
read is processed. In the case where the data contains
considerable noises, the process is executed to remove
the noises, for example, by such averaging means as
smoothing. At step S115, the data on the exhaust gas
sensor on which the signal has been processed is
checked to determine whether it exceeds a reference
value or not. In the case where the data on the exhaust
gas sensor is found abnormal at step S116, the process
of step S117 is executed. In the case where the data is
normal at step S116, on the other hand, the process is
returned to the engine control program. At step S117,
the abnormality of the data on the exhaust gas sensor is
notified to the vehicle overall control unit 5010, and the
process is returned to the engine control program.
[0011] As described above, all the processes of the
exhaust gas diagnosis program shown in Fig. 6 are ex-
ecuted in the engine control unit 4011. Therefore, the
microcomputer for controlling the engine requires a high
operating frequency, and the flash memory and the RAM
included as a chip in the microcomputer for controlling
the engine require a large memory capacity. These re-
quirements can be met at the sacrifice of large power
consumption and high cost of the microcomputer for con-
trolling the engine.

[0012] To solve the problems described above, ac-
cording to one aspect of this invention, there may be pro-
vided a vehicle control system comprising a vehicle con-
trol unit to control a vehicle device, a radio terminal unit
having a sensor to monitor the vehicle condition, and/or
aradio communication repeater to receive, by radio com-
munication, the vehicle condition detected by the sensor
of the radio terminal unit. The radio communication re-
peater may include a memory having stored therein a
program to determine the vehicle condition. The radio
communication repeater, upon receipt of a start signal
from the vehicle control unit, may execute the program
and may output the result of determination of the vehicle
condition.

[0013] According to another aspect of the invention,
there may be provided a vehicle control system compris-
ing a vehicle control unit to control a vehicle device, a
radio terminal unit having a sensor to monitor the condi-
tion of a vehicle component part, a first radio communi-
cation repeater to receive, by radio communication, the
condition of the vehicle component part detected by the
sensor of the radio terminal unit, and/or a vehicle overall
control unit connected to the first radio communication
repeater. The first radio communication repeater may in-
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clude a memory having stored therein a program to de-
termine the condition of the vehicle component part,
wherein the first radio communication repeater may ex-
ecute the program to monitor the condition of the vehicle
component part and upon detection of a predetermined
change in the vehicle component part, may output the
result of determination on the condition of the vehicle
component part to the vehicle overall control unit. The
vehicle overall control unit may transmit the first control
information corresponding to the predetermined change
of the vehicle component part received to the vehicle
control unit.

[0014] According to still another aspect of the inven-
tion, there may be provided a vehicle control system com-
prising a second radio communication repeater to receive
the external information transmitted from outside the ve-
hicle, wherein the external information received by the
second radio communication repeater is transmitted to
the first radio communication repeater. The first radio
communication repeater may include a memory having
stored therein a program to determine the contents of
the external information, wherein the first radio commu-
nication repeater may execute the program to monitor
the contents of the external information, and upon detec-
tion of a change in the contents of the external informa-
tion, may output the external information to the vehicle
overall control unit. The vehicle overall control unit may
transmit the second control information corresponding to
the external information received to the vehicle control
unit.

[0015] According to this invention, the highly improved
functions of the system using the radio communication
can be implemented at low cost.

[0016] Other objects, features and advantages of the
invention will become apparent from the following de-
scription of the embodiments of the invention taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1is a diagram showing a configuration according
to a first embodiment of the invention.

Fig. 2 is a diagram showing the configuration of the
radio terminal unit having a function as a sensor ac-
cording to the first embodiment.

Fig. 3 is a diagram showing the configuration of the
radio communication repeater according to the first
embodiment.

Fig. 4 is an exhaust gas system diagnosis sequence
chart according to the first embodiment.

Fig. 5 is a diagram showing the configuration of the
conventional exhaust gas diagnosis system.

Fig. 6 is a diagnosis sequence chart for the conven-
tional exhaust gas diagnosis system.

Fig. 7 shows the configuration according to a second
embodiment of the invention.
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Fig. 8 is a diagram showing the configuration of the
radio communication repeater according to the sec-
ond embodiment.

Fig. 9is a diagram showing the configuration accord-
ing to a third embodiment of the invention.

Fig. 10 is a diagram showing the configuration of the
radio communication repeater according to the third
embodiment.

Fig. 11 shows the configuration according to a fourth
embodiment of the invention.

Fig. 12 is a diagram showing the configuration of the
radio terminal unithaving the sensor function accord-
ing to the fourth embodiment of the invention.

Fig. 13 is a diagram showing the configuration for
radio communication according to a fifth embodi-
ment of the invention.

Fig. 14 is a diagram showing the configuration of the
radio terminal unithaving the sensorfunction accord-
ing to a fifth embodiment.

Fig. 15 is a diagram showing the configuration for
radio communication according to a sixth embodi-
ment of the invention.

Fig. 16 is a diagram showing the configuration for
radio communication according to a seventh embod-
iment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0018] Embodiments ofthe invention are explained be-
low with reference to the drawings.

(First embodiment)

[0019] A first embodiment is shown in Fig. 1. An ex-
haust gas diagnosis system comprises an engine control
unit4010, radio terminal units 2000, 2001 having the sen-
sor function of detecting the exhaust gas, a catalytic con-
verter 6010 and a radio communication repeater 3000.
The sensor of the first radio terminal unit 2000 measures
the exhaust gas flowing into the catalytic converter 6010
and the sensor of the second radio terminal unit 2001
measures the exhaust gas flowing out from catalytic con-
verter 6010. The engine control unit 4010 is arranged
inside the vehicle, while the radio terminal units 2000,
2001 having the sensor function, the catalytic converter
6010 and the radio communication repeater 3000, to-
gether with the exhaust gas pipe 6000, are arranged on
the exterior of the vehicle body. The engine control unit
4010 and the radio communication repeater 3000 are
wired inside the vehicle by a communication signal line
7010. The radio communication between the radio com-
munication repeater 3000 and the radio terminal units
2000, 2001 with the sensor function eliminates the wire
material and the connectors having a superior antiweath-
erability which otherwise might be required for the signal
communication lines used outside the vehicle body.

[0020] The power line may be arranged on the exterior
of the vehicle. In order to reduce the wire harnesses,
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however, the radio communication repeater 3000 and
the radio terminal units 2000, 2001 advantageously in-
clude a power supply. A vibration-to-energy conversion
circuit, for example, as well as an ordinary battery can
be used as a power supply, and the power lines to these
devices are eliminated. The vibration-to-energy conver-
sion circuitis a device to convert the vibration energy into
the electrical energy, and unlike the battery, has the ad-
vantage that the change thereof is not required.

[0021] Itisalso possible to use athermo electric power
generator as a power supply to convert the heat of the
exhaust pipe 6000 into electricity utilizing the fact that
the exhaust pipe reaches a high temperature. The radio
terminal units 2000, 2001 having the sensor function are
operated by the power supplied from this thermo electric
power generator.

[0022] The foregoing explanation is concentrated on
the exhaust gas diagnosis system. In the configuration
shown in Fig. 1, reference numeral 1000 designates an
automotive vehicle, numeral 4000 an engine, and numer-
al 5000 a display unit. The radio communication repeater
3000, for example, is fixed on the lower part (such as a
frame member) of the vehicle body. The engine control
unit 4010 measures the exhaust gas before and after the
catalytic converter 6010 and notifies any fault, if detected,
tothe vehicle overall control unit5010. The vehicle overall
control unit 5010 notifies the fault of the exhaust gas to
the driver through the display unit 5000.

[0023] The configuration of the radio terminal unit 2000
having the sensor function with a built-in power supply
is shown in Fig. 2. The radio terminal unit 2000 having
the sensor function is configured of an antenna 600, a
radio communication circuit 100, a control circuit 300, an
exhaust gas sensor 410 and a power generating circuit
PW500. The radio frequency band of 300 MHz, 400 MHz,
2.4 GHz, etc. and the baseband frequency band of sev-
eral tens of MHz are assumed.

[0024] The radio communication circuit includes a RF
circuit 110, a baseband circuit 120, a data buffer 130 and
a serial communication circuit 140. The RF circuit 110
converts the communication data of the radio frequency
band and the baseband frequency signal from one to the
other. In the transmitting operation, the baseband fre-
quency signal is modulated into the radio frequency band
signal while at the same time controlling the transmission
output and the transmission frequency. In receiving op-
eration, on the other hand, the radio frequency band sig-
nal is received, a specified frequency is selected from
the received signal through a filter, and the selected sig-
nalis amplified to a signal level capable of signal process-
ing and transferred to the baseband circuit 120.

[0025] The baseband circuit BB120 converts the base-
band communication data and the serial digital data from
one to the other. In the transmitting operation, the serial
data sent from the serial communication circuit 140 is
modulated into the baseband complex signal (I, Q). In
this case, the serial communication circuit 140 and the
baseband circuit 120 are synchronized with each other
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using a data buffer 130. The data buffer 130 makes pos-
sible the synchronous operation of the baseband circuit
120 and the serial communication circuit 140. The trans-
fer rate of the serial data is about several hundred bps
to several tens of MHz. In receiving operation, the base-
band signal output from the RF circuit 110 is demodulated
to reproduce the clock signal providing the sync signal
of the serial data, and based on the timing of this signal,
the serial data is demodulated.

[0026] The control circuit 300 controls the whole radio
terminal unit 2000 having the sensor function, and in-
cludes a microcomputer 310, a memory 320, a serial
communication circuit 330, an 1/O port 340 and an A/D
converter 350. These circuits are connected by a bus.
[0027] The microcomputer 310 is a CPU of 8 or 16 bits
and used for the control operation. The operation of the
microcomputer 310 is synchronized by the clock to exe-
cute the program stored in the memory 320. The memory
320 is configured of a nonvolatile memory and a RAM.
The control program, the initialization data and the crucial
data are stored in the nonvolatile memory capable of
holding the data in case of power failure. The RAM is
used as a working area for conducting the arithmetic op-
eration, processing the signal and holding the sensor da-
ta.

[0028] The serial communication circuit 330 conducts
communication with the serial communication circuit 140
in the RF circuit 110. In transmitting operation, the mi-
crocomputer 310 converts the sensor data, the signal-
processed data and the error information to the serial
data through the serial communication circuit 330 and
transfers them to the RF circuit 110. In receiving opera-
tion, on the other hand, the serial data output from the
RF circuit 110 are converted to the parallel data (8, 16
or 32 bits) by the serial communication circuit 330, and
the data thus converted are processed in the microcom-
puter 310.

[0029] The I/O port 340 controls the power generating
circuit 500 and the exhaust gas sensor 410. Also, the I/O
port 340 receives the digital output signals (interrupt sig-
nal, status signal, etc.) outputted by the power generating
circuit 500 and the exhaust gas sensor 410.

[0030] The A/D converter 350 fetches the analog out-
put from the exhaust gas sensor 410 and converts it into
a digital data. The conversion accuracy into the digital
data is about 8 to 16 bits.

[0031] The power generating circuit 500 is configured
of a vibration-to-energy conversion circuit 510 and a reg-
ulator 520. In the vibration-to-energy conversion circuit
510, power is generated, for example, by a method in
which the capacitance of a capacitor is changed in ac-
cordance with the motion of a spring having a weight,
and this capacitance change is recovered as electrical
energy. In another method, a piezoelectric device is os-
cillated and the electromotive force generated by the de-
formation of the piezoelectric device is utilized. The elec-
tromotive force thus generated is converted into a stable
voltage by the regulator 520 and supplied to the radio
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terminal unit 2000 having the sensor function.

[0032] The exhaust gas sensor 410 detects the harm-
ful components contained in the exhaust gas, and mon-
itors components such as CO, NOx and HC in the ex-
haust gas.

[0033] Fig. 3 shows a configuration of the radio com-
munication repeater 3000 having a built-in power supply.
The radio communication repeater 3000 includes an an-
tenna 600, a radio communication circuit 100, a cable
communication circuit 200, a control circuit 300 and a
power generating circuit 500. The antenna 600, the radio
communication circuit 100, the control circuit 300 and the
power generating circuit 500 are substantially identical
to those included in the configuration of the radio com-
munication repeater 2000. The radio communication re-
peater 3000 has the function of the cable communication
circuit 200 at the same time.

[0034] The cable communication circuit 200 is a com-
munication bus interface circuit used for data communi-
cation with other on-vehicle control units. Several bus
standards are specified in accordance with applications
of the on-vehicle communication devices. A typical bus
standard for the control operation of the windows, the
door locks and the mirrors is LIN (Local Interconnect Net-
work). The data transfer rate is at least about 125 kbps.
For the real-time control system, on the other hand, the
bus standard called CAN (Controller Area Network) is
used. The data transfer rate is about 1 Mbps. The bus
standard for the X-by-wire (free of hydraulicand mechan-
ical operation) is FlexRay. The data transfer rate under
this standard is about 10 Mbps. The cable communica-
tion circuit 200 is a bus interface circuit having the func-
tion of at least one of these bus standards, and operates
under the control of the control circuit 300.

[0035] Fig.4isanexhaustsystem diagnosis sequence
chart of the exhaust gas diagnosis system shown in Fig.
1. The exhaust gas diagnosis program is divided into (1)
the portion stored in the memory (mainly, a nonvolatile
memory) of the engine control unit 4010 and executed
by the microcomputer in the engine control unit 4010, (2)
the portion stored in the memory 320 of the radio com-
munication repeater 3000 and executed by the micro-
computer 310 in the radio communication repeater 3000,
and (3) the portion stored in the memory 320 of the radio
terminal units 2000, 2001 having the sensor function and
executed by the microcomputer 310 in the radio terminal
units having the sensor function. These programs col-
laborate with each other to execute the exhaust gas di-
agnosis sequence. The exhaust gas diagnosis sequence
program is one of the subroutines of the engine control
program and executed at regular time intervals. The con-
trol flow is described below.

[0036] At step S100, a start signal to execute the ex-
haust gas diagnosis sequence program is transmitted by
the engine control unit 4010 to the radio communication
repeater 3000 using the communication signal line 7010.
Though not shown, the engine control unit 4010 controls
the engine for exhaust gas diagnosis. At step S200, the
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radio communication repeater 3000, upon receipt of the
start signal from the engine control unit 4010, transmits
a sensor information acquisition request to the radio ter-
minal units 2000, 2001 having the sensor function. This
acquisition request is transmitted by radio communica-
tion (using the radio wave EM7030 for radio communi-
cation). At step 300, the radio terminal unit 2000 having
the sensor function, upon receipt of the request from the
radio communication repeater 3000, acquires the state
of the exhaust gas through the exhaust gas sensor 410
of the radio terminal unit 2000 having the sensor function.
At step 301, the radio terminal unit 2000 having the sen-
sor function processes the signal to remove noises and
compress the sensor data acquired. At step S302, the
radio terminal unit 2000 having the sensor function trans-
mits the sensor data signal processed to the radio com-
munication repeater 3000. At step S400, the radio termi-
nal unit 2001 having the sensor function, in response to
the request from the radio communication repeater 3000,
acquires the state of the exhaust gas through the exhaust
gas sensor 410 in the radio terminal unit 2001 having the
sensor. At step 401, the radio terminal unit 2001 having
the sensor function processes the signal to remove nois-
es and compress the sensor data acquired. At step S402,
the radio terminal unit 2001 having the sensor function
transmits the sensor data signal processed to the radio
communication repeater 3000. At step S201, the radio
communication repeater 3000 analyzes the sensor data
sent from the radio terminal units 2001, 2001 having the
sensor function. At step S202, the exhaust gas state is
checked for any fault. As step S203, any fault which may
be detected is sent to the vehicle overall control unit 5010,
which displays the fault on the display unit 5000 on the
dashboard or the like to notify the fault to the driver.
[0037] As explained above, none of the processes in
the exhaust gas diagnosis sequence shown in Fig. 4 is
executed by the engine control unit 4010. Instead, the
engine control unit 4010 simply starts the exhaust gas
diagnosis sequence. As a result, the increase in the op-
erating frequency of the microcomputer for controlling
the engine, which constitutes a key device of the engine
control unit 4010, is suppressed while at the same time
preventing the increase in the capacity of the RAM and
the flash memory incorporated as a chip in the micro-
computer. In this way, the cost and the power consump-
tion of the engine-controlling microcomputer are prevent-
ed from increasing.

[0038] Also, the radio communication interface be-
tween the radio communication repeater and the radio
terminal unit having the sensor function facilitates the job
of installation and removal of the radio terminal unit hav-
ing the sensor function. This also facilitates the vehicle
maintenance and the development of new vehicle mod-
els.

(Second embodiment)

[0039] Asecond embodimentofthe inventionis shown
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in Fig. 7. According to this embodiment, the radio com-
munication repeater 3001 is mounted inside the vehicle.
In this case, to secure a radio communication path be-
tween the radio communication repeater 3001 and the
radio terminal units 2000, 2001 having the sensor func-
tion, a radio wave propagator 8000 to make possible ra-
dio communication is arranged in the lower part of the
vehicle.

[0040] Normally, the lower part (undercarriage) of the
vehicle is protected by an iron plate or the like metal mem-
ber and not constructed to propagate the radio wave.
Therefore, the radio wave propagator 8000 formed of a
material such as plastics or resin to pass the radio wave
is arranged in the lower part of the vehicle, or preferably,
at the portion having the best quality of radio communi-
cation between the radio communication repeater 3001
and the radio terminal units 2000, 2001 having the sensor
function.

[0041] The vibration of the interior of the vehicle in
which the radio communication repeater 3001 is ar-
ranged is damped by the bumper. This may reduce the
efficiency of the oscillatory power generation. Therefore,
the power for the radio communication repeater 3001 is
preferably supplied by a battery or a power line. Fig. 8
shows an example of the configuration of the radio com-
munication repeater 3001. The radio communication re-
peater 3001 is connected to and supplied with power
from a power line 7023.

[0042] In the manner described above, the radio com-
munication repeater 3001 is mounted inside the vehicle,
thereby eliminating the need of mounting it on the exterior
of the vehicle exposed to the rigid environments.
[0043] A window made of a radio wave transmission
material is described as an example of the radio wave
propagator 8000. As an alternative, the radio wave prop-
agator 8000 may be configured of a receiver and a boost-
er. Specifically, the signal is received from inside the ve-
hicle, amplified and transmitted out of the vehicle, which
signal is received, amplified and transmitted into the ve-
hicle.

(Third embodiment)

[0044] Fig. 9 shows a third embodiment of the inven-
tion. According to this embodiment, the engine control
unit 4012 and the radio communication repeater 3002
are connected by radio wave, so that the exhaust gas
diagnosis sequence can be started by the data commu-
nication using the radio wave. To realize this system, two
radio communication repeaters including a first radio
communication repeater 3001 communicable with the
engine control unit 4012 and a second radio communi-
cation repeater 3002 communicable with the radio termi-
nal units 2000, 2001 having the sensor function are pre-
pared, and the first radio communication repeater 3001
is connected to the engine control unit 4012 by cable
while the second radio communication repeater 3002 is
arranged above the radio wave propagator 8000.
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[0045] This configuration can construct the shortest
wiring path (communication signal line, power line) be-
tween the first radio communication repeater 3001 and
the engine control unit 4012. Also, the communication
signal lines for the second radio communication repeater
3002 can be reduced, and the power line 7024 is con-
nected to a power supply or a power line nearest to the
second radio communication repeater 3002. As a result,
the wiring and connections of the communication signal
lines and the power lines inside the vehicle are easily
designed and laid.

[0046] Fig. 10 shows a configuration of the radio com-
munication repeater 3002 according to this embodiment.
In this embodiment, the signal wiring is eliminated, and
therefore, the radio communication repeater 3002 can
be configured of a radio communication circuit 100, a
control circuit 300 and a power circuit 501.

(Fourth embodiment)

[0047] Fig. 11 shows a fourth embodiment of the in-
vention. According to this embodiment, in order to elim-
inate the power lines of the radio communication repeater
3003 for radio communication with the radio terminal
units 2000, 2001 having the sensor function, an oscilla-
tory power generator or a battery is used as a power
supply for the radio communication repeater 3003.
[0048] The power generating circuit 500 is preferably
configured of an oscillatory power generator or a battery.
The interior of the vehicle may be subjected to lesser
vibrations. In the case where sufficient power cannot be
secured by the oscillatory power generator, therefore, a
hybrid configuration of an oscillatory power generator
and a battery is employed so that the shortage of power
supplied by the oscillatory power generation may be cov-
ered by the battery. This configuration eliminates the
need of the wiring of the radio communication repeater
3003, and the freedom of arranging the radio communi-
cation repeater 3003 is increased thereby to facilitate the
design and package of the exhaust gas diagnosis sys-
tem.

[0049] Fig. 12 shows a configuration of the radio com-
munication repeater 3003 according to this embodiment.
According to this embodiment, the wiring of the commu-
nication signal lines and the power lines is eliminated,
and therefore, the radio communication repeater 3003
can be configured of a radio communication circuit 100,
a control circuit 300 and a power generating circuit 500.

(Fifth embodiment)

[0050] The first to fourth embodiments represent a
case in which the engine constituting a vehicle compo-
nent device is controlled by the engine control unit as a
vehicle control unit. Nevertheless, the object controlled
by the vehicle control unit with the radio terminal unit
having the sensor function and the radio communication
repeater is not limited to the engine. The door locks
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mounted inside and outside the vehicle (frame), the pow-
er windows, the detection of seat positions, the switches
on the dashboard, the mirrors and the lights are some
other examples of application of the same configuration.
The fifth embodiment of the invention is shown in Fig. 13.
[0051] First, an explanation is given about an example
in which the state of a power window switch is monitored.
In this embodiment, the radio terminal unit 2002-1 having
the sensor function monitors the power window switch
5030 and transmits the switch on/off information to the
radio communication repeater 3001-2 by radio commu-
nication. The radio communication repeater 3001-2
transmits the power window on/off information to the ve-
hicle overall control unit 5011. The vehicle overall control
unit 5011 displays the particular information on the dis-
play unit 5000.

[0052] Next, an example in which a motor is controlled
is explained. The vehicle overall control unit 5011, in re-
sponse to the power window switch on/off information
from the radio terminal unit 2002-1 having the sensor
function, transfers the particular information to the radio
terminal unit 2002-2 having the sensor function through
the radio communication repeater 3001-2. The radio ter-
minal unit 2002-2 having the sensor function transfers
the power window on/off information to a motor control
unit 5020. In accordance with the same information, the
motor control unit 5020 controls the power window 5021.
[0053] Inthe operating sequence according to this em-
bodiment, unlike in the exhaust gas diagnosis sequence
shown in Fig. 4, the start signal is not output from the
vehicle control unit (the motor control unit in the case
under consideration). Instead, the radio communication
repeater 3001 acquires the sensor information from the
radio terminal unit 2002-1 at regular time intervals, or a
predetermined program is executed based on the sensor
information acquired by the radio communication repeat-
er 3001 from the radio terminal unit 2002-1 at irregular
time intervals, and the result thereof is notified to the ve-
hicle overall control unit 5011. The information acquired
by a plurality of the radio terminal units 2002-1, 2002-2
and accumulated are analyzed in its entirety by the ve-
hicle overall control unit 5011 and an operating instruc-
tion is given to the motor control unit as required. As a
result, the increase in the operating frequency of the mi-
crocomputer for the control operation of the vehicle over-
all control unit 5011 is suppressed while at the same time
preventing the capacity of the flash memory and the RAM
mounted as a chip in the microcomputer from being in-
creased. Consequently, both the cost and power con-
sumption of the microcomputer for the vehicle overall
control unit can be saved.

[0054] According to this embodiment, the power win-
dow on/off information is transferred as data through the
radio communication repeater. As long as radio commu-
nication is possible between the radio terminal units hav-
ing the sensor function, however, the data communica-
tion can alternatively is conducted between the radio ter-
minal units having the sensor function.
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[0055] The configuration of the radio terminal unit 2002
having the sensor function is shown in Fig. 14. In this
case, an /O port 340 is used for data communication
(COM7015) between the switches and the motor control
unit. In the case where a large capacity of data commu-
nication is required, the radio terminal unit 2002 having
the sensor function may be replaced by the radio com-
munication repeater 3001 with the cable communication
circuit 200.

[0056] In the case where it is desired to maintain the
vehicle interior at an optimum temperature by monitoring
the temperature of the vehicle compartments, a temper-
ature sensor is connected to the A/D converter 350 of
the radio terminal unit 2002 having the sensor function
to monitor the temperature. The temperature information
obtained by the temperature sensor is transferred by ra-
dio communication. In addition, the humidity, accelera-
tion and distortion can also be detected by the radio ter-
minal unit 2002 having the sensor function.

[0057] Inthe case where the radio terminal unit having
the sensor function for adoor mirror or the like is arranged
on the outside of the vehicle frame, the large vibration
makes it possible to use the oscillatory power generator
effectively.

[0058] Inthe case where the temperature is measured
in an environment exposed to the afternoon sun, for ex-
ample, the radio terminal unit having the sensor function
may be used with a solar battery as a power supply. A
hybrid configuration of a solar battery and a battery or a
rechargeable battery or the like power generator may be
another choice. The type of the power generating means
is preferably actually selected taking the operating con-
ditions and the mounting conditions into consideration.
This increases the freedom of the mounting position of
the on-vehicle sensors, switches and motors, while at
the same time facilitating the job of installing and remov-
ing the devices as a unit.

[0059] In the fifth embodiment, the configuration of the
radio terminal units and the radio communication repeat-
ers and the communication method between the terminal
units, the repeaters, the vehicle control unit, etc. em-
ployed in the first to fourth embodiments are applicable
also to the various vehicle control operations in a sixth
embodiment, as will be understood from the fact that the
exhaust gas diagnosis system is a part of the vehicle
control system in the broad sense of the words. Specif-
ically, the difference between an observation system and
a control system depends simply on whether some con-
trol operation is performed using the result of observa-
tion, and therefore is not a factor reducing the applicability
of this invention. Also, the devices arranged in the com-
partments can be connected either by radio communica-
tion or physical wires. This is also the case with the sixth
and seventh embodiments described below.

(Sixth embodiment)

[0060] The sixth embodiment of the invention is shown
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in Fig. 15. According to this embodiment, the radio ter-
minal unit having the sensor function is used to manage
the component parts of the vehicle. The component parts
5040, 5041 of the vehicle and the radio terminal units
2002-3, 2002-4 having the sensor function are used in
pair to transfer the management information (1D informa-
tion) of the component parts to the vehicle overall control
unit 5011 by radio communication. By connecting the ve-
hicle overall control unit 5011 with an on-vehicle infor-
mation system network, the information on the compo-
nent parts can be managed at a vehicle information man-
agement center through the information system network.
By mounting a temperature sensor on the radio terminal
unit 2002 having the sensor function, on the other hand,
the temperature history of the operation of the component
parts can be acquired. Not only the temperature history,
but the history of humidity, acceleration or distortion can
of course be acquired in similar fashion.

[0061] According to this embodiment, the history and
the ID of the operating environment of the component
parts can be managed, and therefore an on-vehicle in-
formation system having a further improved function can
be constructed. Also, the information is transmitted not
simply to the external vehicle information center, but can
of course be used for the vehicle control operation de-
scribed above in the fifth embodiment.

(Seventh embodiment)

[0062] In the future on-vehicle information system, a
more comfortable driving environment can be realized
by collecting the information from external environments
such asroads. As an example, an information transmitter
may be embedded in the traffic signals at intersections,
pedestrian crossings and manholes. According to this
embodiment, an example of collecting the information on
the road environments is shown in Fig. 16. The radio
wave propagator 8000 making possible radio communi-
cationis arranged under the radio communication repeat-
er 3003, so that the radio communication repeater 3003
can receive the information from the information trans-
mitter 8001 on the road. In the case where these external
information are propagated from above the vehicle, the
radio communication repeater 3003 can be arranged at
a position where the information can be received without
the radio wave propagator 8000.

[0063] According tothisembodiment, the internal radio
system and the external radio system can be unified, and
therefore the cost of the communication system is re-
duced. In the case where the radio communication re-
peater installed in the lower part of the vehicle is used
as a reader of the RFID (sixth embodiment) mounted on
the component parts in the vehicle or the radio terminal
devices (seventh embodiment) arranged on the road, the
functions of the vehicle and the efficiency of the mainte-
nance operation thereof can be further improved.
[0064] Each embodiment described above can of
course be variously modified. In the configuration shown
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in Fig. 2, for example, a plurality of sensors may be con-
nected with one radio terminal unit having the sensor
function. In this case, the two sensors arranged before
and after the catalytic converter are connected to a single
radio terminal unit having the sensor function. Then, the
exhaust gas diagnosis system can be configured of a
single radio terminal unit having the sensor function.
[0065] The sensors may be either built in the radio ter-
minal unit or connected through an external port newly
attached to the radio terminal unit. This configuration
makes possible a versatile system construction.

[0066] The embodiments described above may be im-
plemented either individually or in combination. For ex-
ample, the fifth embodiment and the seventh embodi-
ment are combined with each other to realize a more
sophisticated X-by-wire based on the vehicle conditions
and the external information.

[0067] Anapplication of the radio communication tech-
nique according to this invention to the other control sys-
tems in the vehicle and the resulting reduction in the wire
harnesses are expected to lead to the advantages that
(1) the vehicle weight is reduced and the fuel consump-
tion rate is improved due to the reduced weight, (b) faults
of the connectors due to secular variations or the contact
failure and disconnection are avoided, (c) the new func-
tions which could not be employed for lack of the wiring
space can be added and the arrangement of the compo-
nent parts can be designed freely, (d) the communication
can be established with the rotary component parts (tires,
etc.), (e) the production cost part attributable to manual
wiring is saved, and (f) the repair cost of the wire har-
nesses is reduced.

[0068] This invention is applicable to not only the sen-
sor network technique for vehicles in which the wire har-
nesses in the vehicle are replaced by radio communica-
tion, but also all other fields of industrial equipment re-
quiring the introduction of radio communication tech-
nique to the wire harnesses.

[0069] It should be further understood by those skilled
inthe artthat although the foregoing description has been
made on embodiments of the invention, the invention is
not limited thereto and various changes and modifica-
tions may be made without departing from the spirit of
the invention and the scope of the appended claims.

Claims
1. A vehicle control system comprising:

a vehicle control unit (4010) to control a vehicle
component device (4000);

radio terminal units (2000, 2001) each having a
sensor to monitor the vehicle conditions; and

a radio communication repeater (3000) to re-
ceive, by radio communication, the vehicle con-
ditions detected by the sensor of the radio ter-
minal units (2000, 2001);
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wherein the radio communication repeater (3000) in-
cludes a memory (320) having stored therein a pro-
gram to determine the vehicle conditions; and
wherein the radio communication repeater (3000),
upon receipt of a start signal from the vehicle control
unit (4010), executes the program and outputs the
result of determination of the vehicle conditions.

A vehicle control system according to Claim 1,
wherein the vehicle control unit (4010) outputs a start
signal to the radio communication repeater (3000)
and controls the vehicle component device as re-
quired to determine the vehicle conditions.

A vehicle control system according to Claim 1 or 2,
further comprising a vehicle overall control unit
(5010) connected with a plurality of vehicle control
units (4010);

wherein the plurality of the vehicle overall control
units (5010) execute a predetermined process in re-
sponse to the result of determination of the vehicle
conditions received from the radio communication
repeater (3000).

A vehicle control system according to at least one of
Claims 1 to 3,
wherein the plurality of the vehicle control units
(4010) correspond to a plurality of vehicle compo-
nent devices.

A vehicle control system according to at least one of
Claims 1 to 4,

wherein the vehicle component device is an engine
(4000), and the vehicle conditions include the state
of the exhaust gas discharged from the vehicle.

A vehicle control system according to at least one of
Claims 1 to 5,

wherein the radio terminal units (2000, 2001) include
either a battery or a power generator and operates
on the power supplied from the battery or the power
generator.

A vehicle control system according to Claim 6,
wherein the power generator generates power from
at least selected one of vibration, light and heat.

A vehicle control system according to at least one of
Claims 1to 7,

wherein the radio communication repeater (3000) is
arranged on an external part of the vehicle and con-
nected with the vehicle control unit (4010) by a com-
munication cable (COM7010).

A vehicle control system according to at least one of
Claims 1 to 8,

wherein the radio communication repeater (3000) in-
cludes either a battery or a power generator and op-
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erates on the power supplied the battery or the power
generator.

A vehicle control system according to at least one of
Claims 1to 9,

wherein the radio communication repeater (3000) is
arranged inside the vehicle and conducts radio com-
munication with the radio terminal units (2000, 2001)
through a radio wave propagator (FWTH8000) in-
cluded in the vehicle.

A vehicle control system according to Claim 10,
wherein the radio wave propagator is a window
formed of a radio wave transmission material in the
vehicle.

A vehicle control system comprising:

a vehicle control unit (5020) to control a vehicle
component device (M0T5021);

radio terminal units (2002-1, 2002-2) each hav-
ing at least a sensor to monitor a vehicle com-
ponent part;

a first radio communication repeater (3001) to
receive, by radio communication, the conditions
of the vehicle component part detected by the
sensor of the radio terminal units (2000, 2001);
and

a vehicle overall control unit (5011) connected
with the first radio communication repeater
(3001-2);

wherein the first radio communication repeater
(3001-2) includes a memory having stored therein a
program to determine the conditions of the vehicle
component part;

wherein the first radio communication repeater
(3001-2) executes the program to monitor the con-
ditions of the vehicle component part, and upon de-
tection of a predetermined change in the vehicle
component part, outputs the result of determination
of the conditions of the vehicle component part to
the vehicle overall control unit (5011); and

wherein the vehicle overall control unit (5011) trans-
mits the first control information corresponding to the
predetermined changein the vehicle component part
received to the vehicle control unit (5020).

A vehicle control system according to Claim 12,
wherein the sensor of the radio terminal units
(2002-1, 2002-2) is configured to detect at least se-
lected one of the on/off switch operation, tempera-
ture, humidity, acceleration and distortion.

A vehicle control system according to Claim 12 or
13, further comprising a second radio communica-
tion repeater (3003) to receive the external informa-
tion transmitted from a source external to the vehicle;
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wherein the externalinformation received by the sec-
ond radio communication repeater (3003) is trans-
mitted to the first radio communication repeater
(3001);

wherein the first radio communication repeater
(3001) includes a memory having stored therein a
program to determine the contents of the external
information:;

wherein the first radio communication repeater
(3001) executes the program to monitor the contents
of the external information and, upon detection of a
change in the contents of the external information,
outputs the external information to the vehicle overall
control unit (5011); and

wherein the vehicle overall control unit (5011) trans-
mits the second control information corresponding
to the external information received to the vehicle
control unit (5011).

A vehicle control system according to at least one of
Claims 12 to 14,
wherein the radio terminal units (2002-1, 2002-2) in-
clude either a battery or a power generator and op-
erate on the power supplied from the battery or the
power generator.

A vehicle control system according to Claim 15,
wherein the power generator generates power from
at least selected one of vibration, light and heat.

A vehicle control system according to at least one of
Claims 12 to 16,

wherein the first radio communication repeater
(3001) is arranged inside the vehicle and conducts
radio communication with the radio terminal units
(2002-1, 2002-2) through a radio wave propagator
(8000) included in the vehicle.

A vehicle control system according to Claim 17,
wherein the radio wave propagator (EWTH8000) is
a window formed of a radio wave propagating ma-
terial included in the vehicle.

A vehicle control system according to at least one of
Claims 12 to 18,

wherein the vehicle overall control unit (5011) trans-
mits the conditions of the vehicle component device
acquired through the radio terminal units (2002-1,
2002-2) to a vehicle information management center
through an on-vehicle information system.
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